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[57) ABSTRACT 

A process for controlling waste nitrogen accumulation 
diseases in humans which comprises administering an 
effective amount of at leasi one compound selected 
from the group consisting of benzoic acid, phenylacetic 
acid and the non-ioxic, pharmaccutic^ijy.jjcceptabje 
salts of the acids to a human suffering from wsste nitro- 
gen accumulation. 

9 Claims, 8 Drawing Figures 
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and/or salt utilized will fall in the range of 100-400 
PROCESS FOR WASTE NITROGEN REMOVAL mgAg body weight for children and from 7.5 io 15 

grams for adults. Generally speaking, the size and fre- 

The invention described herein was made in the quency of the dosages given at any lime can be varied as 
course of work under a grant or sward from the De- $ desired provided the indicated total daily dose is not 
partment of Health and Human Services. significantly modified. The administration may be car- 

The present invention relates io a process for treating ried out intravenously or orally (e.g. in the form of 
humans who suffer from waste nitrogen accumulation sterile injectable solutions, pills, tablets, capsules, solu- 
in the body. lions, suspensions or the like). 

When the human body is functioning normally, waste 10 It has previously been disclosed that benzoic acid or 
nitrogen is effectively excreted, primarily in the form of phenylacetic acid as such, or as salts thereof, form hip- 
urinary urea. However, in cenain abnormal situations, puric acid and phenylaceiylglutamine, which can be 
e.g. in the event of kidney or liver failure or inborn discharged from the body as urinary nitrogen. Thus, it 
errors of urea synthesis, waste nitrogen will accumulate is known from studies by Lewis (J. Biol. Chem. 18, 
in the body unless positive steps are taken to avoid this, li 225-231 (19)4)) that benzoic acid or sodium btnzoate, 

In the case of a urea-cycle enzyme defect, the major when orally administered to a healthy man, is elimi- 
metabolic abnormality is the inability of the body to nated rapidly as urinary hippuric acid. According to 
convert waste nitrogen into urea. As a consequence, Lewis, the urinary hippurate nitrogen replaces the uri- 
various nitrogenous metabolites accumulate in the nary urea nitrogen so that there is little change in total 
bodv. the most toxic being ammonium although other JO urinary nitrogen excretion. 

materials such as glutamine. glutamaie and alanine, are The Lewis publication, as well as other publications 
usually also present. on benzoaie or phenylaceiaie metabolism'" are con- 

Previous therapeutic approaches for treating patients cerned with the ability of the body to detoxify benzoic 
with urea-cycle enzymopathies (as well as other nitro- ac j 0 \ phenylacetic acid or their sodium salts and thus 
gen accumulation diseases) have been designed to rc- 25 eliminate benzoaie or phenylaceiate from the body, 
duce the requirements for urea synihesis by quantitative There is no disclosure in these prior publications of the 
and qualiiaiive manipulaiion of dieiary protein, amino present concept of using benzoic acid, phenylacetic acid 
acids and/or their nitrogen-free analogues. Generally 0 r their salts to convert toxic wasie nitrogen to urinary 



ralinc. bnwevrr, the mnrtaliiy and morbidity of in- 



.: j ~. _\. 1 >-i ■>- 



born errors of the urea-cycle remain high and success 30 move waste nitrogen from the body as an alternative, or 
has been measured more in terms of increased survival adjunct, to urea synihesis with subsequent urinary ex- 
time than in the elimination of the undesired effects. cretion. 

Thus for example, even with the above cited therapeu- «»UD». B. N M.»del. H. C.. Wj^L. ^»?>™"<=>' of Drug 

I nus. ioi cA-suipit. t ,,. • . . Metabolism and Drug Disposmon. Williams £ W.lkm* I91I. 

,,c approaches. does no. appear tha. chiloren w„h the ^ ^ ^ Shjpie ^. (J Am 

neonatal form or theic diseases who survive past one „ 6)8-624, 1922) have disclosed that the 

year of ace. can normally do so w.thou. recurrent e P , , dmini$U3lion 0 f benzoic acid and phenylacetic 

sodes of hyperammonemic coma or mental etarda. on. , ,„ , he formalion ano eJtcretien of urinary 

The present invention proposes to deal w„h the p rob- ^ nenvlace , , , ulaminCi respectively. 

)em of was.e nitrogen accumulation caused b> urea PP * r phenvlacetvlgluumine-s formed 

cycle enzyme deficiency or other abnormaliiie n -0 The » P > P . - authors indicate tha, 

body function (e.g. renal or hepatic failure) which cause »• P - phenylacetic acid adminis- 

such accumulaiion. by providing an alternative p h- » ° ^ . f J „ was draniatj . 

way to urea synthesis invoMng the formation of nttro- ^ on he p ^ fo(Js|i „ lt 

gen-containing metaboli.es other than urea wh c can c ale ^ ^ 

be read.iy excre.ed from ,he body as ""^ « phenvl ce.vlglutamine ni.rogen accoumeo for. as much 

To this end. the invention contemplaies converting the pne^ jac t 

wasie nnrogen in.o certain ammo acid acvlatior , proo- as 60. o u '^"^ Uwis concerned wjjh 

ucs for urinary discharge from , he body Th.s is accom- ^ ^ 

plished. according to the .nvennon by : .om.n« rnn j : n he administered io humans rather 

effective amount of benzoic acid, ph "ylace-.c ac d 50 or saj. the lhc se materials to 

and/or the non-toxic. pharmaceutically-accep.able s.l s ih«n being con accun)u)ali j„ lhe bod 

of these acids, preferably the sodiurr .salts, ic >one uffer- deg* was, n , og £ ^ 

ing from, or subject to waste ni.rog en ac cumub on. Utner p pncn vlace,v) £ lu.amine when the 

The benzoic acid or sal. thereof converts waste n. o. P^™* J ^ nc -, ude . Ambrose e t a) 

gen in the W?^™"*-"* ™ Zw «cS^ "Fur her S on the Detoxification of Phenylacetic 

„on product, which is readily and effe ct;v e > ■ excre.ed r 669 _ 67J _ ^ ^ 

from the body as urinary nitrogen. L.kew.se the phenyl- Acid . ^ Ph envlaceiic Acid in Man. 

acetic acid, or sal, thereof, causes the format.or of a) ™ and Some - Non .p rim , le Species", 

phenvlacetylglu.amine. an amino acid acetylation prod- Sub Muma " rn ™' " 2 ^_ 3J 0 f these cubli- 
Sc, which is also easily and ^.^^Z 60 ^ionf A^br^e ,' aUepon "tha't .Sj^ffof 

niirogen. The invennon . us ^^^^ "T^cr,6 phenylacetic acid (5-" g/day for 3 

synthesis while proving a read) ua> of £ ^ ^ jn ihe ^ ^ pneny)ace . 

waste nnrogen from the ood\. lK( .„ rt r , v leluiamine while James et al-disclose that they gave 

Benzoic acid or phenylacetic acid, or salts hereof. ^^^ { ^ v ^ k ^ xo t mn n6 t J/ liax 

may be used separably or •*"»«»;« » ' ,ered ^Tof his dL was excreted in the urine as phenyl.ee. 

/or sal.s. The amoun, of acid and/or sal. ^m.n^ered 9 ^ ^ol ffec)s ^ n0 , ed in , nese . 

^^z^^^^ i s ;;:& n ough an ^ ^ ^ « ... , b,,. 
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Chem. 1919; «*0: 250-263) reported thirsi. nausea, and a 209* methanol solution of 0.01 M acetate buffer, pH 3, 

dizziness after a single dose of phenylacetic acid. as an eluant. Total urinary nitrogen was measured after 

The conjugal ion of benzoic acid with glycine to form Kjeldah) digestion* n o f0.] ml urine following which 0.1 

hippuric acid involves two reactions catalyzed by the m j aliquots of the digestion mixture (diluted to 30 ml) 

miiochonririal-mamx enzymes, benzoyl ihiokinase and 5 were analyzed for ammonium by the indophenoi reac- 

a glycinc-specific iransacylasc. Lewis's studies showed . ,j on i2). Plasma glvcine was measured by automated 

that this pathway can convert 10 g sodium benzoate to ion-exchange chromatography. Plasma glutamine, glu- 

hippuric acid in less than 24 h in the adult male. Hippu- lamalc anc j alanine were measured bv Huorometric en- 

nc acid is well suited for renal excretion because us 2vrn3lic , ec hnique5«>and plasma ammonium was mea- 

renal clearance is five limes the glomerular filtration 10 surc d either on venous plasma by the Dupom ACA^»or 

raic * .on capilbrv plasm3 bv a cation exchange method* 5 *. 

It will be appreciated from the foregoing that benzoic «>>a n«k *nh H. N. Munro. Clin. Chim. Acta. n. : 0 965). 

acid and sodium benzoate can be used interchangeably. ]:\ A 1~ Chontv and E. P. Marb.ch. Clin. Chcm. s. 130 UM). 

Sodium benZ03te. like the acid. IS nOn-lOXlC (except <*>S. T. Ijpma. B. C. Blijcnbeit. B. Leijni*. Clin. Chem. 34.419. 

perhaps in neonatal hyperbilirubinaemia. where in viiro 15 '-'m. Baiihaw. s. Bruwiow. M. w a kcr, Ntw Enpi. J. Med. 292. loss 

experiments suggest that it competes for bilirubin-bind- 0^5). 

ing sites on albumin) and has been used to treat infants FjG * : compares the amount and partition of urinary 
wiih non-ketotic hyperglycinaemia (Ziter et al, Pediat. nitrogen during the control and sodium benzoate ad- 
Res. 2: 250-253. 1968). * ministration periods. The partition of urinary nitrogen 

The synthesis of phenylacetylgluiamine using phen- 20 <™S nitrogen per mg creatinine±SEM) of the patient 

ylaceiic acid also involves a two-stage reaction which, NK 'hile receiving sodium benzoate is shown in shaded 

in this case, includes acetylation of glutamine to form bars compared to a control period (open bars). There 

the desired phcnylacetylgiuiamine. the latter, like hip- was a 5S<Tc increase in total urinary nitrogen excretion 

puric acid, being rapidly excreted by the kidney. Aceiy. while the patient was receiving sodium benzoate as 

lation and excretion of glutamine rather than glycine 25 compared to the control period. Urinary hippuraie ni- 

has three advantages: (i) glutamine contains two nitro* trogen accounted for this increase in urinary nitrogen 

gen atoms per molecule, (ii) it accumulates in urea-cycle excretion. The phsma concentrations of several urea 

enzymopathies, and (iii) ii is in equilibrium with gluu* precursors during the control (n = 6) and experimental 

mate, the nitrogen donor for urea synthesis. periods (n = SI were respectively (uM — SF.M): ammrv 

The accompanying drawings serve to further illus- 30 nium ; 29.5:= 1.0 v$ 22.9zr 2.2, p<0.02; glutamine, 
traie the invention. Of these, FIG. 1 diagrammatical!)- 1675±^9 vs 1422=109, alanine. 952=10" vs 901±91; 
shows the pathways of urea synthesis, including the glutamaie, 36= 5.5 vs 2* = 4. 2. The plasm2 glycine lev- 
known points of genetic defects. In all these disorders t \ % during the control (n = 4) and experimental periods 
nitrogen accumulates, usually in the form of ammo- (n = 6) were similar 247z:8 vs 294±49. 
nium, glutamine. glutamaie, and alanine. Furthermore. 35 j ne e ffeci of phenylacetic acid administration on 
each defect is characterized by the accumulation of the amount and partition of urinary nitrogen is shown in 
specific substrate for the deficient enzyme which may p )G 3 j hc p3n i l i on 0 f ur in2ry nitrogen (mg nitrogen 
be carbamyl phosphate (manifested by accumulation of pcr m£ C reatinine = SEVI) of the patient while receiving 
orotic acid), citrulline, arcininosuccinic acid, and argi- phenvlacetic acid is shown in shaded bars and corn- 
nine. It will be appreciated thai the purpose of the in- 40 wjlh a conlrol period (open bars ). Theresas a 
vention is to provide an alternative 10 the indicated urea ^ incre2&e in 10lal ur i nary nitrogen while the patient 
synthesis for excretion of urinary nitrogen. wasrfeceivins phenvlacetic acid as compared 10 the 

FIGS. 2-8 graphically illustrate various results ob- comfoJ Urinarv phenvlacetvlgluiamine nitro 

tained by using the invention as discussed m more detail ^ accounted for this increase in urinary nitrogen ex- 

hereinafter. -5 crelion y ne mean p ] asma concentrations (u.M) or urea 

The invention is also illustrateo by the following: preC ursors during the control (n = 4) and experimental 

EXAMPLE 1 periods (n = 3) were respectively: ammonium, 29.^ vs 

. 17.7; clutamine, 1753 vs 1533; glutamaie, 51.5 vs 26*3; 

Patiems with urea-cycle enzymopathies were studied ^ ^ ^ 

to determine the effeci of sod>um benzoate or phenyla- 50 ^ f ■ rcsu)ls jndicale lhal acclvlalion 0 f 

cetic acid on urinary nitrogen excretion and to deter- ^ ^ acelv]alion of g)ulBmine by 

mine the effectiveness of sodium benzoate on plasma l^ y] ,/ tlk acid wjlh subscq uent renal excretion of the 

ammonium levejs inpatients in hyperammonemic coma. P > . , w ic acid and phenybcel> .,. 

Urinary nitrogen excretion was studied ir 1a clingy M ' „ quanli S vclv sicTli ncani Amative 

stable 17-ycar old 40 ic* female, with "rbamN^hov 55 J* ^ P - ^ jn ^ 

phaie svnthetase CPS deficiency who was maintained ™ ?TZ „r vn ,; K ; e 

1 . r fc j lorbTi ^i^r;. t inborn defects of urea svntnesis. 

nn a ri n containinn 27 c of pro ein and loCKJ caiones iuvwh* «w<-w ^ w 

while he fono3 profocol' were followed. Sodium Bo.h mechan.sms require .dequa.e .mourns of .he 

b«««.e (S?g/3) o P r phenyl.ce.ic a cid (6.4 g/d) was -.ura. precursors of .he cemjugaje ^ yeme or g u- 

adminisJed ofal.v for ll and E days, respectively. 60 .am.ne. Wh.le . he panen, receded benzoa fo 11 days 

Each experimeniaf period was preceded and followed «here was a s.gmf.cam decrease n the plasma ammo- 

a conTrol per.od .O.alling 8-10 days. Daily incom- nium level. The plasma glycine level was unchanged 

pie'e -wen° -four hour urin% collecions (.he pa.ien, -nd.ca.ing .ha, de novo glyc.ne syn.he» 

was episod.cllv inconunen.) were made. Urinary urea case. sufHocm for h,ppura.e syn.hes.^ Dunng .herep 

nnrogen. ammonium nhrogen. and creaunine were 65 xvnh phenylacenc acd .here were =PP^ nl f c 

measured bv Mandard .echr.iques. H.ppura.e and .he plasma concen.r.i.ons of ammonium and glu.am.ne 

phenvlace-vlglu.amme were measured by reverse phase alihough .he small number of such dc.erminanons pre- 

liquid chron-.uiog raphy using a Wa.ers C'^column with elude siaiisncal evaluanon. 
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The foregoing observations indicate Thai benzoaie ful in treating hyperammonemia in liver failure and that 

administration can be used in acutely reducing plasma sodium ben2oate would be useful in treating uremia. It 

ammonium levels during hyperammonemic episodes. is noted that in the case of uremia the serum urea nitro* 

Accordingly, four patients were given a single dose gen level is the most useful guide as to the state of nitro- 

(oraliy or intravenously) of sodium benzoaie (250-350 5 gen accumulation whereas the ammonium level is the 

mg/kg) during such a hyperammonemic episode. The most useful indicator in liver disease or urea cycle en- 

efTect of the sodium bcnzoaie on plasma ammonium zymopathies. 

levels in the patients in hyperammonemic coma is The possible application of the present invention in 

shown in FIG. 4. the patients being: CPS, an IS-ycar old ,he treatment of Reye's syndrome is shown by FIG. 8. 

female with partial carbamyl phosphate synthetase defi- 10 This figure illustrates the course of the plasma ammo- 

ciency given 250 mgAg orally; OTC, a 6-year old fe- n j um ] cvc j j n a 4 . vtar 0 ] d g i r ] w j tn Reye's syndrome 

male with partial ornithinejranscarbamylase deficiency who was lrca tcd with three doses of sodium ben2oate 

given 250 mgAg orally;" and OTC. an lKmonth old oral)Vt The doses were 220 mgAg, 100 mgAg and 100 

male with ornithine transcarbamylase deficiency given m g /k g at the intervals shown. As indicated, the benzo- 

350 mgAg intravenously and AS. an 11-monih old 15 alc m ; r fc cc 3j v reduced the plasma ammonium level in 

female with argininosuccinic acid synthetase deficiency lcss tharj a dav . s time hom abom 55 q m mo)s pcr , j|CJ , l0 

given 300 mgAg orally. The hatched area in FIG. 4 be]ow 40 ^ moh ?tT y ntu • c imo lhc nonnaJ range 

denotes normal plasma levels of ammonium (P-33u wi „ bc apprcc i 3l(fC j f rom the foregoing that the. 

^ administration of benzoic acid and/or phenvlacetic 

In each case there was a prompt fall in the plasma 20 acid( as such 07 in sah fonT ^ |0 form lhcir res ' pec;ive 

ammonium level and clinical improvement following amjn0 add aceTvlalion pro ducis (hippuric acid and 

administration of sodium benzoaie. This chance is be- p henvlacetvlglutamine) for urinarv nitrooen discharge. 

heved to be a consequence of the incorporate of am- acco ; dinE ' l0 lhe invention, is of general application 

momurn or glutamate in the de novo synthesis of gly- rf r ^ ^ ma ] funC iions involving waste nitro- 

c,neb> one of three pathways; from ammonium via the 25 > n accumulalion in lhc e>g> U rea<vc!e en- 

glycine cleavage complex from glutamate v,a glyoxy. 2vm hics> pona ]. £V stemic encephalopathy Reve's 

late transamination or v I3 de novo serine synthesis svndrorne , and uracr ma. 

FIG 5 shows the course of p asma ammonium leveJ ' - . -ujv- • v * i ■ o ■ 

nu. w » i»c ^ . / .. v Havme described the invention, what is claimed is: 

m ui n nd>i ii u*tih ^tnhlr cnron»c uvrr oi^ea^r who were , . , „• 

'. , f j * l -rw i «n 1. A process for controlling waste nitrogen accumu- 

cach civen 5 crams of sodium benzoaie. The pJasma j0 T , ~ , . , - . 

f t 1 . . . , lanon diseases in humans, caused by an impairment in 

ammonium eve in umoles per liter is plotted against . r • r 

\ , t , > • • ■ *f , t 2 A -^ the normal svnthesis of urea from ordinarv waste nnro- 

time (hours) after the acministration of 5 grams sodium * v i . ■ " i_ r 

' " . . . „. , /^,-.«, a\, gen m the boov or in the normal excretion thereof, said 

benzoaie. Tne rcsu is show m one case (patient A) a fc rr 

... . -ii a r . r process comprising administering an effective amount 

rrsoua oroppinc of the plasma ammonium level after ^ k & c 

• ■ l-i ■ u ,u / ~, n\ ,u n), t m, of at east one compouno selected from the group con- 

administration while in the other (patient B). the pJasma 35 . . r c r 

. , rr t \ \- i ,1 Ar*~ r^r sistmc of benzoic acid, phenvlacetic acid and the non- 
ammonium leveled off after a relatively sharp drop for . - ■ n *i i ..... 

, t ■ • i„ k^,k ^*,c*c ik» toxic. pharmaceuticalJv-accepiaole salu of saio acias to 

up to inree hours after administration. Jn both cases, tne -r - r 

i • j- j rr „^ 1r *i ^u tma ^mmn 2 human suffering from such waste nitrogen accumula- 

results indicated effective control of the pJasma ammo- * c , . 

n,u^ Jrvel usin £ sodium benzoa.e. 0,se2i£ ' lhe amou " 1 ° f ^ com P ouno ™? be.ng 

FIG. 6 eraphicallv shows ,he course of «he plasma 40 suff.oenMO reaci wnh the waste nitrogen « form an 

" i » ■ * . \j ««i- ^v,;i^ IPtm ; amino acid acv anon proouct for urinarv oischarge of 

ammonium level in a i-vear old male child with term)* K . t 

nal hepatic coma. The child was given 5 grams of so- i 3 ^ Product. 

t ■ ' , , . wt , K ^ tlt ^ rtf Hnv 5 a«; 2. The process of claim 1 wherein a mixture of ben- 

dium phenvlaceiate at about mid-day of 03} I. as r # 

. * . • . , k • k tl .^c « t zoic acid and phenvlacetic acic» or salts thereof, is ad- 
shown, the plasma ammonium level, which was at about ° w f • 

.^00u mob per liter, rose immediately after administra- .'5 ministered. 

i.on of ihe sodium phenvbeetate but then dropped 3. The process of claim 3 wherein the administration 

shaipiv over the course of the neM dav to about 50u is continued until the accumulated waste nitrogen is 

mols While the effect of the 5 grams' phenvlaceiate discharged as urinary niirogcn 

administration was not lone-lasting. as evidenced by the <• The process of claim 1 wherein the human is one 

subsequeni increase in the plasma ammonium level over 50 wiih a urea-c>xle enzymopathy. 

the ne*t several davs to :he point where the patient 5. The process of claim 1 wherein the human is one 

died, the reduction of the plasma ammonium level on suffering from uremia 

administration of the so*um phenvlaceiate is an indica- 6. The process of claim 1 wherein the human ,s one 

tion that such administration would be effective in the suffering from a hepanc disorder. 

r u . • 55 1. The process of claim 1 wherein the human ts one 

treatment of hepatic coma. 53 '' " ; , , 

FIG 1 shows the course of the serum urea nitrogen suffering from Reye s syndrome, 

of an adult woman who was given 5 grams of sodium 8. The process of cl; im 1 wherein the administration 

benzoaie on davs 8 and 9 and 10 grams of sodium benzo- of the benzoic acid or phenylacenc acid, or salts 

ate on davs 10 and 11. As shown, the amount of the thereof, synthesizes hippunc acid and phenylacetyl- 

serum urea nitrogen (measured in milligrams per 100 60 glutamine. respectively, and the synthrsized product is 

milliliters) was substantively reduced on administration discharged as urinary nitrogen 

of the benzoaie 9 - Tne P roccss of cla,rTi 1 wherc,n ,he ssh ,s sodium 

The data shown graphically in FIGS. 5-7 indicate salt. ^ 
that sodium benzoaie and phenvlaceiate would be use- 

6? 



